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ABSTRACT 

The impor tance  o f  l ong  r e a c t i o n  t i m e s  i n  t h e  c o a l i f i c a t i o n  p r o c e s s  h a s  been 
demons t r a t ed  i n  t h e  l a b o r a t o r y .  Samples o f  c e l l u l o s e  and p i n e  sawdust i n  e v a c -  

t u a t e d ,  s e a l e d  g l a s s  v i a l s  have been hea ted  a t  200" C f o r  two y e a r s .  Black c o a l -  
l i k e  c h a r s  were produced; h e a t i n g  a t  200° C f o r  hour s  produced ve ry  l i t t l e  chem- 
i c a l  change .  The c h a r s  were c h a r a c t e r i z e d  by i n f r a r e d  and e l e c t r o n  s p i n  resonance  
s p e c t r a .  The i n f r a r e d  s p e c t r a  o f  t h e  p i n e  sawdust c h a r  and of a subbi tuminous  c o a l  
a r e  n e a r l y  i d e n t i c a l ,  excep t  f o r  d i f f e r i n g  ca rbony l  a b s o r p t i o n .  The spec t rum of 
t h e  c e l l u l o s e  c h a r  i s  a l s o  s i m i l a r  t o  t h a t  o f  t h e  subbi tuminous  c o a l .  The e l e c t r o n  
s p i n  resonance  r e s u l t s  show t h a t  g v a l u e s  and l i n e  wid ths  a r e  n e a r l y  i d e n t i c a l  f o r  
t h e  c h a r s  and a r e  ve ry  c l o s e  t o  s i m i l a r  v a l u e s  f o r  subbi tuminous  c o a l .  

, 

200' C i s  cons ide red  a r easonab le  c o a l i f i c a t i o n  t empera tu re ;  d e p t h  o f  b u r i a l  
can  p rov ide  such t empera tu res .  The expe r imen ta l  c o a l i f i c a t i o n  o b t a i n e d  i n  only 
two y e a r s  appea r s  t o  s u b s t a n t i a t e  t h e  h y p o t h e s i s  t h a t  g e o l o g i c  t i m e  cou ld  produce 
a l l  ranks  o f  c o a l s  a t  t empera tu res  below ZOOo C. 

INTRODUCTION 

I n  t h e  s tudy  of t h e  s t r u c t u r e  and p r o p e r t i e s  o f  c o a l ,  a t t e m p t s  have been made 
t o  p r e p a r e  s y n t h e t i c  c o a l s ,  p r i n c i p a l l y  by p y r o l y s i s  methods.  Chars  hav ing  pro-  
p e r t i e s  i d e n t i c a l  t o  t h o s e  o f  c o a l s  have n o t  been produced .  I n i t i a l  a t t e m p t s  a t  
s t u d y i n g  t h e  i n f r a r e d  s p e c t r a  o f  c o a l - l i k e  c h a r s  p repa red  by p y r o l y s i s  o f  p u r e  
m a t e r i a l s  were c a r r i e d  o u t  s e v e r a l  y e a r s  a g o . u /  The p y r o l y s i s  method used  was 
t h a t  o f  Smith and Howard, who had p repa red  from c e l l u l o s e ,  c h a r s  t h a t  had some 
o f  t h e  p r o p e r t i e s  o f  c o a l s . 2 /  We s t u d i e d  t h e  i n f r a r e d  s p e c t r a  o f  c h a r s  p repa red  
from c e l l u l o s e  ove r  a range  o f  t empera tu res ;  t h e  spec t rum o f  a 400" C c o t t o n  c h a r  
somewhat resembled t h a t  o f  h i g h - v o l a t i l e  b i tuminous  c o a l  .=I 
t h i s  c h a r  showed a d e f i n i t e  ca rbony l  a b s o r p t i o n  band which i s  n o t  p r e s e n t ,  excep t  
a s  a weak s h o u l d e r ,  i n  i n f r a r e d  s p e c t r a  o f  c o a l s .  Carbohydra te  c h a r s  p r e p a r e d  a t  
300°, 400°, and 500' C produced a b s o r p t i o n  bands i n  t h e  a romat i c  r e g i o n  t h a t  were 
i d e n t i c a l  t o  t h e  a r o m a t i c  bands produced r e s p e c t i v e l y  by l i g n i t e ,  h i g h - v o l a t i l e  
b i tuminous ,  and a n t h r a c i t e  c o a l s ;  l e s s  s i m i l a r i t y  was observed  i n  o t h e r  p a r t s  of 
t h e  s p e c t r a . & /  S i m i l a r i t i e s  o f  r e a c t i o n  o f  c o a l  and t h e  c a r b o h y d r a t e ,  s u c r o s e ,  
were n i c e l y  i l l u s t r a t e d  by t h e  i d e n t i c a l  s p e c t r a  o f  p r o d u c t s  o b t a i n e d  i n  hydro-  
gena t i o n  s t u d i e s  .?/ 

The spec t rum o f  

Friedman and coworkers  s t u d i e d  many c o a l - l i k e  c h a r s  p repa red  by p y r o l y s i s  o f  
pu re  oxygenated compounds, mos t ly  a t  400" C and r e a c t i o n  times o f  one hour ;  
s e v e r a l  p r o p e r t i e s  o f  t h e s e  c h a r s ,  i n c l u d i n g  i n f  a r e d  s p e c t r a ,  have some resemb- 
l a n c e  t o  t h e  co r re spond ing  p r o p e r t i e s  o f  c 0 a l s . 6 ~  Pure hydrocarbons  have been 
c h a r r e d  i n  t h e  p re sence  and absence  o f  molecu la r  oxygen; o n l y  when oxygen was 
p r e s e n t  d i d  the  i n f r a r e d  s p e c t r a  f t h e  c h a r s  resemble  t h o s e  of c o a l s ,  p a r  i c u -  
l a r l y  i n  t h e  1600 cm-I r e g i o n . u P  Unless  oxygen is involved  t h e  1600 cm-E band 
i s  weak o r  n o n - e x i s t e n t ;  t h u s  i t  i s  b e l i e v e d  t h a t  t h e  s t r o n g  1600 c m - 1  band 
i n v o l v e s  ca rbony l  groups  . G I  
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In a n o t h e r  s t u d y ,  c h a r s  were prepared  from 0 I 8 - l a b e l l e d  compounds i n  a n  
a t t e m p t  t o  a s c e r t a i n  whether  an  i s o t o p i c  s h i f t  would occur  a t  1600 cm-l and 
would t h u s  i n d i c a t e  t h a t  c a r b o n y l  groups a r e  i n v o l v e d .  No i s o t o p i c  s h i f t  w a s  
o b t a i n e d ;  t h e  i n f r a r e d  spec t rum o f  a n  018- labe l led  c h e l a t e ,  d ibenzoylmethane ,  
demonst ra ted  t h a t  i f  a C=O group i s  v e r y  s t r o n g l y  c h e l a t e d  t h e  0 v i b r a t i o n  
becomes comple te ly  d e l o c a l i z e d  and no i s o t o p i c  s h i f t  occurs.- 8 9?= 

In a t t e m p t i n g  t o  s i m u l a t e  c o a l  t h e  f o l l o w i n g  p r i n c i p a l  v a r i a b l e s  a r e  a v a i l -  
a b l e :  S t a r t i n g  m a t e r i a l ,  t e m p e r a t u r e ,  rate of  h e a t i n g ,  r e a c t i o n  t i m e ,  and p r e s -  
s u r e .  The e f fec t  o f  p r e s s u r e  i s  c o n s i d e r e d  minor compared t o  t h e  e f f e c t  of 
t e m p e r a t u r e . u /  The e f f e c t  o f  p r e s s u r e  d u r i n g  many eons may be i m p o r t a n t ;  
t e m p e r a t u r e  d u r i n g  many e o n s  i s  c e r t a i n l y  i m p o r t a n t .  Though presumpt ious ,  i t  
was assumed t h a t  some s l i g h t  i n d i c a t i o n  o f  t h e  e f f e c t  o f  g e o l o g i c  t i m e  might  be 
o b s e r v a b l e  i n  t h e  l a b o r a t o r y .  P y r o l y s i s  exper iments  i n v o l v i n g  r e a c t i o n  times of 
y e a r s ,  r a t h e r  t h a n  h o u r s  o r  d a y s ,  were dec ided  on. Temperatures  a t  o r  below 
200° C were chosen.  The s p e c t r a l  methods s e l e c t e d  f o r  i n v e s t i g a t i o n  o f  t h e  c o a l -  
l i k e  p r o p e r t i e s  of  t h e  c h a r s  were i n f r a r e d  and e l e c t r o n  s p i n  resonance  spec t romet ry .  

EXPERIMENI'AL PROCEDURE 

P y r o l y s e s .  P y r o l y t i c  o x i d a t i o n  of c o t t o n  and pine-wood sawdust  was c a r r i e d  
o u t  a t  low t e m p e r a t u r e s .  Two sets  o f  samples  were h e a t e d  in a i r  a t  150" C and 
a t  200" C f o r  10 months;  t h e  c h a r s  produced were i n v e s t i g a t e d  by i n f r a r e d  spec-  
t rome t r y  . 

For t h e  p y r o l y s i s  e x p e r i m e n t s  w i t h o u t  a i r , s a m p l e s  of  c o t t o n ,  0.43 g ,  and 
pine-wood sawdust ,  0.20 g ,  were p l a c e d  i n  heavy-walled Pyrex t u b e s  which were 
evacuated  and s e a l e d .  The sample- tube  volumes were 3.1 c c .  The samples  were 
h e a t e d  a t  200' C f o r  t w o  y e a r s .  Gases and o t h e r  v o l a t i l e  p r o d u c t s  were analyzed 
by mass s p e c t r o m e t e r .  

I n s t r u m e n t a l  i n v e s t i g a t i o n .  The p r i n c i p a l  methods of  c h a r a c t e r i z i n g  t h e  py- 

P r e l i m i n a r y  exam- 
. r o l y s i s  p r o d u c t s  were i n f r a r e d  (Perkin-Elmer Model 521)5/ and e l e c t r o n  paramag- 

n e t i c  'resonance S p e c t r o m e t r y  (Var ian  A s s o c i a t e s  Model V-4500). 
i n a t i o n s  o f  the c h a r s  were a l s o  made on a h i g h - r e s o l u t i o n  mass s p e c t r o m e t e r  
(Consol ida ted  21-llOB). U l t i m a t e  m i c r o a n a l y s e s  of  t h e  c h a r s  w i l l  be performed 
by t h e  Huffman L a b o r a t o r i e s ;  a n a l y s e s  w i l l  d e s t r o y  t h e  s m a l l  samples  remaining 
so none w i l l  be c a r r i e d  o u t  u n t i l  a l l  p o s s i b l e  e x p e r i m e n t a l  i n v e s t i g a t i o n s  a r e  
concluded .  

RESULTS AND DISCUSSION OF RESULTS 

Low p y r o l y s i s  t e m p e r a t u r e s  and r e a c t i o n  times o f  s e v e r a l  months were decided 
on i n  an  a t t e m p t  t o  s i m u l a t e  m i l d  c o a l i f i c a t i o n  c o n d i t i o n s .  Tempera tures  i n  the 
200' C range  a r e  c o n s i d e r e d  r e a l i s t i c ;  many c o a l s  have been s u b j e c t e d  t o  such 
t e m p e r a t u r e s  due t o  d e p t h  o f  b u r i a l .  I n i t i a l l y  p y r o l y t i c  o x i d a t i o n  r u n s  were 
made on c e l l u l o s e  and on p i n e  sawdust  a t  150' C i n  t h e  presence  o f  a i r .  P y r o l y s i s  
of t h e s e  m a t e r i a l s  f o r  10 months gave b l a c k  i n s o l u b l e  s o l i d s m n g  i n f r a r e d  s p e c t r a  
which i n d i c a t e d  e x t e n s i v e  o x i d a t i o n .  The second s e t  o f  i n v e s t i g a t i o n s  w a s  carried 
o u t  a t  200' C i n  t h e  p r e s e n c e  o f  a i r ;  a s  expec ted  g r e a t e r  p y r o l y t i c  o x i d a t i o n  was 
produced.  Then p y r o l y s i s  runs i n  t h e  absence  o f  a i r  were i n i t i a t e d  w i t h  samples .  
o f  c o t t o n  and o f  p i n e  sawdus t  s e a l e d  i n  e v a c u a t e d ,  heavy-wal l  g l a s s  t u b e s .  
samples  were h e a t e d  a t  200' C f o r  two y e a r s .  T a r r y  p r o d u c t s  were observed  d u r i n g  
t h e  e a r l y  s t a g e s  o f  p y r o l y s i s ;  t h e s e  became s o l i d  c h a r  long  b e f o r e  two y e a r s  
e l a p s e d .  The g a s  produced i n  t h e  p y r o l y s i s  of  t h e  c o t t o n  sample w a s  l o s t  by an 
e x p l o s i o n ;  most of  t h e  c h a r  w a s  s a l v a g e d .  The v i a l  c o n t a i n i n g  t h e  p i n e  sawdust 

a/ Reference  t o  t r a d e  names i s  made f o r  i d e n t i f i c a t i o n  only  and does  not imply 
endorsement by t h e  Bureau o f  Mines.  

The 
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c h a r  was t h e n  opened ,  w i t h  r e l e a s e  of c o n s i d e r a b l e  p r e s s u r e  o f  g a s  ( 6 . 3  a tm) .  A 
t h i n  f i l m  of c o l o r l e s s  l i q u i d ,  mos t ly  w a t e r ,  vapor i zed  comple t e ly  i n t o  t h e  evac-  
u a t e d  gas -hand l ing  sys tem.  The gas  a n a l y s i s  i n  t a b l e  1 shows main ly  H 2 0  and CO2. 
Both c h a r s  were comple t e ly  b l a c k ;  t h e  y i e l d  o f  c h a r  from p i n e  sawdust was about  
85 p e r c e n t .  The i n f r a r e d  s p e c t r a  o f  bo th  samples  a r e  shown i n  f i g u r e  1, a long  
w i t h  a spec t rum o f  a subbi tuminous  c o a l  ( D i e t z  bed ,  Wyoming, 70 .8  p e r c e n t  C ,  
m . a . f .  U l t ima te  a n a l y s i s  i s  g iven  i n  t a b l e  2 ) .  The s p e c t r a  of  t h e  c o a l  and t h e  
sawdust c h a r  a r e  remarkably  s i m i l a r .  I n  a d d i t i o n  t o  t h e  more obv ious  s p e c t r a l  
s i m i l a r i t i e s  a t  3400,  2950, 2920, 2860,  1600;1440, 1370,  1280, and 1180 cm-', 
t h e r e  i s  a c o n s i d e r a b l e  s i m i l a r i t y  a t  t h e  a r o m a t i c  band p o s i t i o n s ,  860 ,  810 ,  and 
750 c m - l .  The a romat i c  bands are weak i n  t h e  s p e c t r a  o f  subbi tuminous  c o a l s ,  b u t  
t h e  s i m i l a r i t y  o f  t h e  c o a l  and c h a r  a b s o r p t i o n  p a t t e r n s  i n  t h i s  r e g i o n  i s  impres-  
s i v e .  It is  a p p a r e n t  from t h e s e  s p e c t r a  t h a t  i t  i s  p o s s i b l e  o v e r  a long  pe r iod  
of  time t o  approach  a c o a l - l i k e  spec t rum,  even  a t  a low t empera tu re .  

Tab le  1 . -  Mass s p e c t r o m e t r i c  a n a l y s i s  of gases from 200" p y r o l y s i s  o f  p i n e  sawdust.  

1 

Volume of v i a l ,  3.1 c c ;  p r e s s u r e  i n  v i a l  6 . 3  a t m .  

Molc p e r c e n t  M i l l i g r a m s  

Carbon d i o x i d e  25 .8  9 .7  

Water 5 7 . 9  8.9 

Methanol 3 .9  

Dimethyl e t h e r  12 .4  

100. 
T o t a l  ca rbony l  compounds ( e s t i m a t e )  

i 

1.1 

4 .9  

5.  

29.6 

Tab le  2 . -  Ultimate a n a l y s i s  o f  D i e t z  bed subbi tuminous  c o a l ,  
B i g  Horn Mine, Wyoming 

C 

,Weigh t  p e r c e n t ,  m .a . f . a /  

70.83 

H 5.06 
N 
S 
0 (by d i f f e r e n c e )  

a/  Ash c o n t e n t  3 .23  p e r c e n t  - ( m o i s t u r e - f r e e )  

1 .02  

0.59 

22.50 

Hea t ing  from room tempera tu re  t o  190" C i n  one h o u r ,  t h e  c e l l u l o s e  o f  Smith 
and Howard had produced a brown c h a r  ( y i e l d ,  89  p e r c e n t )  b u t  t h e  i n f r a r e d  spec t rum,  
a s  well a s  t h  
d i f f e r e n c e s . 5 7  No c o a l - l i k e  s p e c t r a l  f e a t u r e s  were observed .  
t h e  sawdus t  c h a r  t h e r e  i s  a 1700 band a s  w e  have s e e n  b e f o r e  i n  c h a r  spectra. But ,  
f o r  t h e  f i r s t  time i n  s p e c t r a  o f  c h a r s  p repa red  a t  low t empera tu re  t h e  1600 band 
is more i n t e n s e  than  t h e  1700 and thus  i s  approach ing  t h e  s i t u a t i o n  i n  c o a l  s p e c t r a .  
Thus the  very  long  h e a t i n g  t ime has  produced a d e f i n i t e  d e c r e a s e  i n  carbonyl -con-  
t a i n i n g  s t r u c t u r e s .  I n  t h e  c o a l i f i c a t i o n  p r o c e s s  i t  is  f e a s i b l e  t h a t  s imple  

e l e m e n t a l  a n a l y s i s ,  resembled t h o s e  o f  c e l l u l o s e  w i t h  o n l y  minor 
In  t h e  spectrum o f  
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c a r b o n y l  groups are f i r s t  formed i n  t h e  e a r l y  s t a g e s .  o f  p y r o l y s i s  and then  are 
s lowly  conver ted  t o  some o t h e r  s t r u c t u r e ( s )  d u r i n g  g e o l o g i c  time. P o s s i b l y  t h e  
c a r b o n y l  groups a r e  c o n v e r t e d  to modi f ied  carbonyl  s t r u c t u r e s  which can  produce 
t h e  i n t e n s e  1600 c m - l  a b s o r p t i o n  band observed  i n  i n f r a r e d  s p e c t r a  of  c o a l s  and 
c h a r s .  S u b s t a n t i a t i o n  of  t h i s  h y p o t h e s i s  may e x i s t  i n  t h e  b e h a v i o r  o f  carbo y 

I n  t h e  spectrum o f  t h e  300' c h a r  t h e  c a r b o n y l  a b s o r p t i o n  is  s t r o n g e r  than  t h e  
unknown a b s o r p t i o n  a t  1600 c m - l .  R e l a t i v e  i n t e n s i t i e s  a r e  g i v e n  i n  t a b l e  3. 
t h e  400' C char  t h e  i n t e n s i t i e s  become more s i m i l a r ;  t h e  spectrum of t h e  500' C 
c h a r  shows r e v e r s a l  o f  i n t e n s i t i e s  w i t h  complete  d i s a p p e a r a n c e  o f  t h e  s imple  
c a r b o n y l  a b s o r p t i o n  band .u/ These changes may be e x p l a i n a b l e  by t h e  p o s t u l a -  
t i o n  of  c o n v e r s i o n  i n t o  a m o d i f i e d  c a r b o n y l - c o n t a i n i n g  s t r u c t u r e .  T h i s  s t r u c t u r e  
c o u l d  be t h e  conjugated  c h e l a t e d  s t r u c t u r e ,  such a s  t h e  e n o l  form of a c e t y l a c e t o n e ,  
t h a t  h a s  y e n  proposed p r e v i o u s l y  as t h e  s o u r c e  o f  t h e  1600 cm-l a b s o r p t i o n  
band.2.14 
o c c u r s  i n  c o a l s ;  i n f r a r e d  s p e c t r a  o f  l i g n i t e s  and low rank  c o a l s  have weak absorp-  
t i o n  should  rs a t  1700 cm-l which g r a d u a l l y  d i s a p p e a r  from s p e c t r a  of  h i g h e r  rank 
c o a l s . m 9  For  t h e  c o a l s  t h e  c o n v e r s i o n  o f  c a r b o n y l  compounds t o  t h e  presumed 
c o n j u g a t e d  c h e l a t e d  c a r b o n y l s  i s  f a r t h e r  advanced t h a n  i t  i s  i n  t h e s e  c h a r s  which 
were prepared  a t  r e a c t i o n  t i m e s  o f  o n l y  one h o u r . U /  

T a b l e  3.-  R e l a t i v e  a b s o r p t i o n  i n t e n s i t i e s  i n  t h e  i n f r a r e d  s p e c t r a  of 300". 400', 

groups  i n  c h a r s  t h a t  were p r e p a r e d  from c e l l u l o s e  a t  300', 400°,  and 500' C . 1  I: %I 

For 

It i s  i n t e r e s t i n g  t h a t  t h e  same k i n d  o f  change,  though more s u b t l e ,  

and 500' C c e l l u l o s e  c h a r s  a t  1700 c m T L  (carbonyl  compounds) and 
1600 cm-l (presumably c h e l a t e d  conjugated  c a r b o n y l  groups)  

C e l l u l o s e  c h a r ,  p r e p a r a t i o n  tempera ture  R e l a t i v e  i n t e n s i t i e s ,  p e r f e n t  
1700 cm-l 1600 cm-l 

300' C 

400" C 

500' C 

78 22 

5 9  41 

0 100 

E l e c t r o n  s p i n  resonance  s p e c t r o m e t r y  h a s  been a p p l i e d  t o  t h e  s tudy  o f  c h a r s  
o f  c o t t o n  and p i n e  sawdus t .  Values  f o r  t h e  param ters  a r e  g i v e n  i n  t a b l e  4 a long  
w i t h  comparat ive v a l u e s  f o r  subbi tuminous c o a 1 . d  As w i t h  t h e  i n f r a r e d ,  t h e  
r e s u l t s  f o r  t h e  c h a r s  are c l o s e l y  s i m i l a r  t o  t h o s e  f o r  t h e  c o a l  v i t r a i n .  The 
f a c t  t h a t  a s i g n a l  i s  d e t e c t e d  i s  o f  i n t e r e s t  f o r  i t  d e m o n s t r a t e s  t h a t  s tab le  
f r e e  r a d i c a l s  can  b e  formed i n  n a t u r a l  m a t e r i a l s  on exposure  t o  very  mi ld  h e a t i n g  
c o n d i t i o n s .  
c h a r s  produced a t  t e m p e r a t u r e s  a s  low as  200' C. It is p r o b a b l e  t h a t  even lower 
t e m p e r a t u r e s  w i l l  p roduce  f r e e  r a d i c a l s  i n  carbonaceous  materials o v e r  long  
p e r i o d s  o f  time. 

There a r e  n o t  many examples  o f  f r e e  r a d i c a l  s i g n a l s  o b t a i n e d  from 

T a b l e  4.-  E l e c t r o n  s p i n  resonance  d a t a  f o r  c h a r s  and subbi tuminous c o a l  v i t r a i n  

Cot ton  c h a r  P i n e  sawdust  c h a r  Subbi tuminous v i t r a i n ,  
Wyoming 

g-Value  2.00321 +_ 0.0001 2.00314 +_ 0.0001 2,00381 f 0.0001 

Line  w i d t h ,  5 . 6  f 0 . 5  6 .3  +_ 0 . 5  8.0 +_ 0 . 5  
gauss  
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Pre l imina ry  work on mass s p e c t r a  o f  t h e s e  c h a r s  h a s  shown mononuclear and 
p o l y n u c l e a r  a romat i c s  similar t o  those  found i n  mass s p e c t r a  o b t a i n e d  on c o a l ;  
t h i s  i n v e s t i g a t i o n  i s  c o n t i n u i n g .  

The s t r i k i n g  impor tance  o f  t ime i n  p y r o l y s i s  r e a c t i o n s  has  been demons t r a t ed .  
I f  c h a r s  a s  c o a l - l i k e  as t h e s e  can  be produced i n  two y e a r s ,  a t  t empera tu res  t h a t  
have l i t t l e  e f f e c t  d u r i n g  s h o r t  t i m e s ,  t hen  i t  a p p e a r s  t h a t  i n  g e o l o g i c  t imes  c o a l  
could  be produced a t  t empera tu res  much lower  than  200" as proposed by v a r i o u s  
peop le .10~12~13 /  
t h e  e x p e c t a t i o n  o f  producing  c h a r s  t h a t  w i l l  r esemble  h i g h e r  r a n k s  o f  c o a l .  Under 
t h e  same expe r imen ta l  c o n d i t i o n s  t h a t  produced c h a r s  s i m i l a r  t o  subbi tuminous  c o a l ,  
c h a r s  having  t h e  c h a r a c t e r i s t i c s  o f  b i tuminous  c o a l s  p o s s i b l y  could  r e s u l t  from 
h e a t i n g  a t  200' C f o r  t h r e e  or f o u r  y e a r s .  It is expec ted  t h a t  t h e  d i s t i n c t i v e  
a r o m a t i c  a b s o r p t i o n  bands i n  the  i n f r a r e d  s p e c t r a  and t h e  e l e c t r o n  s p i n  r e sonance  
pa rame te r s ,  o f  b i tuminous  c o a l s  w i l l  be d u p l i c a t e d  i n  such  c h a r s .  

Our n e x t  expe r imen t s  w i l l  r un  f o r  g r e a t e r  l e n g t h s  o f  t i m e ,  w i t h  

On t h e  q u e s t i o n  o f  whe the r  c e l l u l o s e  o r  l i g n i n  i s  t h e  more i m p o r t a n t  p r e -  
c u r s o r  o f  c o a l  t h e  r e s u l t s  h e r e i n  d e s c r i b e d  i n d i c a t e  t h a t  a t  low t empera tu res  and 
long  r e a c t i o n  t imes  t h e  c o a l - l i k e  c h a r s  o b t a i n e d  from c e l l u l o s e  and from l i g n i n  
p l u s  c e l l u l o s e  a r e  ve ry  s i m i l a r .  It may be s i g n i f i c a n t  t h a t  g r e a t e r  s i m i l a r i t y  
between c o a l  and c h a r  i n f r a r e d  s p e c t r a  i s  observed  f o r  t h e  c h a r  from l i g n i n  p l u s  
c e l l u l o s e  (p ine  sawdus t ) .  
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